Introduction
The Fc receptors (FcRs) bind specifically to the Fc fragment of different immunoglobulin (Ig) isotypes; the FcR of myeloid IgA is termed FcαR [10, 11] . In 1990, human FcαRI (huFcαRI, CD89) was isolated from a cDNA library of the myeloid leukemia cell line [7] .
As a membrane protein, huFcαRI is expressed on the surface of the majority of monocytes/macrophages, neutrophils, eosinophils, dendritic cells, and Kupffer cells [11, 18] . It is a member of the Ig superfamily and consists of two Ig-like domains. In the absence of canonical signal transduction domains, signal transduction can occur through the huFcαRI-associated FcR γ-chain, which has an immune-receptor tyrosine-based activation motif (ITAM) [13] . However, the expression of FcαRI is not completely dependent on the FcR γ-chain on monocytes or neutrophils [11] . Previous reports have indicated that FcαRI, a dualfunction receptor, activates ITAM by binding polymeric IgA or IgA immune complexes with high avidity [10, 14] , and can also behave as an inhibitory receptor of ITAM when it binds monomeric IgA with low affinity [10] . This active inhibitory signaling by ITAM-bearing receptors is called ITAMi [2, 9] .
In addition to huFcαRI, homologous FcαRI from other species, such as cattle, seals, and chimpanzees, have been successively identified in recent years [12, 13] . However, FcαRI from swine has not yet been reported. In this study, we cloned and characterized the swine IgA Fc receptor gene, named swFcαRI. It was found to encode a 264-aminoacid transmembrane glycoprotein that can specially combine with chicken erythrocytes sensitized with porcine IgA. This study extended our understanding on the swine IgA Fc receptor system.
Materials and Methods

Materials
The pcDNA3.1 (+) plasmid was from Invitrogen (USA); pMD18-T vector, SYBR Green, DNA restriction enzymes HindIII and XhoI, T4 DNA ligase and Taq DNA polymerase, 3'-Full rapidamplification of cDNA ends (RACE) Kit, and olig-dT-primer were purchased from TaKaRa (China). Mouse anti-pig (porcine) IgA antibody was from Abbkine (USA). Diethylaminoethyl (DEAE)-52 and Sephadex-G200 were from GE (GE, USA). The primers were synthesized by Sangon (China).
Isolation of Swine Igs
Serum was collected from a swine that was hyperimmunized with chicken erythrocytes. IgA and IgG were isolated from the serum using DEAE-52 and Sephadex-G200, respectively, as described by Saif et al. [16] . Protein fractions were analyzed by 12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gels and identified with monoclonal anti-swine IgA antibody.
Isolation of Porcine Leucocytes
Porcine lymphocytes, polymorphonuclear granulocytes (PMNs), and monocytes were separated from the peripheral blood of a 4-month-old healthy pig, and pulmonary alveolar macrophages (PAMs) were isolated by lung lavage using cold phosphatebuffered saline (PBS) [4] .
Amplification, Cloning, and Sequencing of Swine FcαRI
Total porcine cDNA was pre-amplified from RNA extracted from peripheral blood lymphocytes by using an oligo-dT primer according to standard protocols [5] ; all of the primers used in this study are listed in Table 1 . Briefly, the primers P1 and P3 were designed according to three swine EST sequences (GenBank Accession Nos. BW981768.1, BP438206, and BW962247). The swFcαRI cDNA was amplified using a 3'-RACE PCR. First, the primers P1 and 3'-RACE adapter outer primer were used to amplify swine cDNA, which was subsequently used as a template for the amplification of swFcαRI cDNA with the primer P3 and the inner primer. Subsequently, the obtained swFcαRI cDNA was subcloned into the pMD-T vector and sequenced. According to the sequencing results, the primers E1 and E2 were designed to amplify the open reading frame (ORF) region of swFcαRI, which was cloned into pCDNA3.1 (+), a eukaryotic expression vector, for expressing swFcαRI.
Analysis of Amino Acid Sequence and Homology Modeling
The sequence and protein domain features of swFcαRI were predicted using the SeqMan program and the Protean program from the DNASTAR multiple program package (DNASTAR Inc., USA). Meanwhile, comparative analysis of homologous sequences was performed using BLASTn, BLASTp, and RPS-BLAST (the Conserved Domain Database (CDD)) from the National Center for Biotechnology Information (NCBI) [8] . To analyze the evolutionary relationships of FcαRI among various species, the phylogenetic tree was generated based on the amino acid (aa) sequences of swFcαRI and other species using the neighbor-joining algorithm in MEGA ver. 6.0 (http://www.megasoftware.net/index.php) [17] . The three-dimensional (3D) protein structure of swFcαRI was predicted by homology modeling methods using the SWISS-MODEL program [1] .
Transfection and Ig-Binding Assays
Ig-binding assays were performed by transiently transfecting COS-7 cells using pCDNA3.1-FcαRI according to standard protocols [5] . Briefly, chicken erythrocytes were sensitized with porcine IgA or IgG for 2 h at 4 o C and then incubated with swFcαRI-overexpressing COS-7 cells for 1 h at room temperature. The negative control was treated with PBS. After washes with PBS, rosettes were observed and photographed under a microscope.
Detection of the swFcαRI Expression Pattern by Real-Time PCR
The expression patterns of swine FcαRI in different cellular subsets, lymphocytes, PAMs, monocytes, and PMNs, were assessed by real-time PCR with the swQ-F/swQ-R and β-F/β-R primers (Table 1) , as previously described [5] . The relative expression ratio of swFcαRI mRNA was calculated by 2 -Δ Δ C t [6] .
Results
Nucleotide and Protein Sequences of swFcαRI According to the sequencing results, swFcαRI cDNA (1,334 bp) includes a 792 bp single ORF (Accession No. AEL12459.1) encoding a 264 aa protein (Fig. 1) . Further bioinformatics analysis showed that the first 21 aa residues are a signal peptide. The mature swFcαRI protein contains a 204 aa extracellular (EC) region, a 19 aa hydrophobic transmembrane (TM) region, and a 20 aa cytoplasmic tail. In the EC region, there were four potential N-glycosylation (Asn-X-Ser/Thr) motifs (Asn , and Asn ) and four conserved cysteines (Cys 2 8 , Cys , and Cys (Fig. 1) , which were coincident with the protein structure characteristics of bovine FcαRI [13] .
Ligand-Binding Properties of swFcαRI
Rosetting analysis was performed to characterize the ligand specificity of swFcαRI. COS-7 cells transfected with pCDNA3.1-swFcαRI could efficiently form distinct rosettes when coated with erythrocytes sensitized with purified swine IgA ( Fig. 2A) but not with swine IgG (Fig. 2B) . Untransfected control COS-7 cells did not bind porcine IgA-sensitized erythrocytes (data not shown). These results further confirmed the identity of the swine cDNA as an IgA receptor.
Expression Pattern of swFcαRI cDNA
The expression levels of swFcαRI in different cellular subsets were examined by real-time PCR using SYBR green probe (Fig. 3) . The expression level of swFcαRI mRNA in monocytes was relatively higher than that in PAMs and PMNs, and the lowest expression was detected in lymphocytes.
Analysis of Conserved Domain of swFcαRI
Alignment models of swFcαRI utilizing RPS-BLAST from NCBI's CDD showed that swFcαRI has two conserved domains (CDs): CD1 (6P-96V) and CD2 (102K-192V). Compared with the E-value of huFcαRI, swFcαRI CD1 and CD2 have a relatively lower E-value of 6.08e-11 (cd05771) and 1.65e-32 (cd05771), respectively. In addition, swFcαRI CD1 has a much lower E-value of 9.78 55.56% for the mature protein, 65.22% for CD2, and 48.9% for CD1.
Homology Modeling of swFcαRI
Based on the primary and secondary structure analysis of swFcαRI and the structures of huFcαRI, the 3D structure of swFcαRI was constructed by homology modeling methods (Fig. 4A) . The following biological unit was used to build the template structure: 1 ovz.pdb1.gz (Fig. 4B) [3] .
Discussion
IgA is the second most abundant antibody isotype in mammalian blood next to IgG. It can regulate immune responses through interacting with several receptors, including FcαRI, Fcα/μR, polymeric Ig receptor (pIgR), transferrin receptor (TfR), and asialoglycoprotein receptor (ASGPR) in humans [9] . FcαRI, the only specific IgA Fc receptor, not only generates an activating signal by cross- linking multimeric ligands but also transduces an inhibitory signal following a specific interaction with monomeric IgA [2] .
In the current study, we isolated and characterized an IgA Fc receptor from swine. Sequence analysis and molecular modeling indicated that the predicted swFcαRI sequence was highly homologous with huFcαRI. Indeed, we found four potential N-glycosylation (Asn-X-Ser/Thr) motifs (Asn , and Asn ) and four conserved cysteines (Cys 2 8 , Cys 7 7 , Cys , and Cys ) in the EC region of swFcαRI. In humans, we also found four conserved cysteines at Cys 2 8 , Cys , and Cys [19]. All four cysteines in huFcαRI participated in the formation of intra-chain disulfide bonds, indicating that swFcαRI EC is composed of two potential disulfidelinked Ig-like domains: EC1 (Cys28 cross-link and Cys77) and EC2 (Cys123 pairs with Cys 170 ) (Fig. 5B) . From the structural point of view, the alignment of RPS-BLAST showed that swFcαRI contains two avoid domains: CD1, which is mostly close to the LIR-1 avoid domain 1 and somewhat similar to the huFcαRI avoid domain 1; and CD2, which is similar to the huFcαRI avoid domain 2. The sequence identity between swine and human FcαRI at the aa level is 65.22% for CD2 and 48.9% for CD1.
Analysis of the CD sequence suggested that swFcαRI belongs to the Ig superfamily and has overall comparability with huFcαRI. Additionally, a conserved arginine residue (Arg ) in huFcαRI, associated with the FcR γ-chain, was also found in the TM regions of swFcαRI (Arg ) (Fig. 5A) . Moreover, the phylogenetic tree showed that the swFcαRI aa sequence was in the same subgroup with FcαRI from other species such as Halichoerus grypus (gray seal, ACN78957.1), Bos taurus (cattle, NP_001012703.1), Equus caballus (horse, NP_001093234.1), and Homo sapiens (human, NP_579805.1), and shared the highest phylogenetic identity (72.89%) with Halichoerus grypus (Fig. 5B) .
HuFcαRI interacts with human IgA molecules through residues located on B-C (Y35) and F-G (Y81) loops in the EC1 domain [12, 15] . The two critical tyrosine residues were also conserved in swFcαRI (Y35 and Y79). In terms of ligand binding, rosetting analysis showed that COS-7 cells transfected with swFcαRI cDNA were able to bind swine IgA, but not IgG (Fig. 2) . The results further confirmed the identity of the newly cloned swFcαRI as an IgA receptor.
In this study, we identified an IgA Fc receptor from swine, which extends our knowledge about this receptor. swFcαRI had high sequence identity with the FcαRI of human, seal, and cattle and could only bind to IgA, but not IgG. However, our understanding on the functions of swFcαRI in swine mucosal and systemic immunity is still limited and needs to be clarified by further investigation.
The GenBank accession number of the nucleotide sequence reported here is JN204376.
